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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable the thin film with 
excellent step coverage to be formed by a method 
wherein the sputtering method is composed of the first 
sputtering step at a specific low pressure and the second 
sputtering step at a specific high pressure. 
SOLUTION: About 800 of a TiN film 6a is formed on aj]i 
film 5 on an ins ulatin g film 3 by the long throw spu ttering 
process at a low pressure of N2 and Ar mixed gas not 
exceedin g 1 .0m Torr. At this time, the thin film part T1 of 
the TiN film 6a is formed on a hole upper part . Besides, 
when the N2 and Ar mixed gas pressure is increased up 
to at least LOmTorr in the same sputter chamber, the 
sputter particles are more frequently multiscattered to 
increase the obliquely incident sputtering on a substrate 

thereby covering the thin film part T1 with a formed overhang T2 thereby enabling the thin film 
with excellent step coverage to be formed. Furthermore, when about 400 of another TiN film 
6b is formed on the TiN film 6a by the long throw sputtering process, the thin film part T1 is 
covered with the overhang T2 thereby enabling the thin film with excellent step coverage to be 
formed. 
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ABSTRACT : 



PROBLEM TO BE SOLVED: To enable the thin film with excellent step 
coverage 

to be formed by a method wherein the sputtering method is composed of 
the first 

sputtering step at a specific low pressure and the second sputtering 
step at a 

specific high pressure. 

SOLUTION: About 800 of a TiN film 6a is formed on a Ti film 5 on 

an 

insulating film 3 by the long throw sputtering process at a low 
pressure of 

N<SB>2</SB> and Ar mixed gas not exceeding 1.0m Torr. At this time, 
the thin 

film part Tl of the TiN film 6a is formed on a hole upper part. 
Besides, when 

the N<SB>2</SB> and Ar mixed gas pressure is increased up to at least 
1 . OmTorr 

in the same sputter chamber, the sputter particles are more 
frequently 



3/29/06, EAST Version: 2.0.3.0 



multiscattered to increase the obliquely incident sputtering on a 
substrate 

thereby covering the thin film part Tl with a formed overhang 
T<SB>2</SB> 

thereby enabling the thin film with excellent step coverage to be 
formed. 

Furthermore, when about 400 of another TiN film 6b is formed on the 
TiN film 6a 

by the long throw sputtering process, the thin film part Tl is 
covered with the 

overhang T2 thereby enabling the thin film with excellent step 

coverage to be 

formed. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the semiconductor device in which this invention has hole structure — setting — 
a spatter ~ the interior of a hole ~ a conductor - it is related with the approach of forming the film. 
[0002] 

[Description of the Prior Art] Improvement in the speed and high integration of a semiconductor 
integrated circuit progress quickly in recent years, and the depth (aspect ratio) of the hole to the diameter 
of a hole of the contact hole which connects wiring and an impurity diffused layer by semiconductor 
device detailed-ization accompanying it, and the through hole which connects wiring and wiring is 
becoming high gradually. 

[0003] the conductor of internal wiring which connects between the components formed on a 
semiconductor device, and a circumference circuit - generally the spatter is used for film formation. 
Type section drawing of the usual sputtering system is shown in drawing 3 (a). As a configuration of 
equipment, first, a substrate 1 1 is held at the substrate electrode holder 12, and is arranged at a target 13 
and parallel. The magnet 15 is arranged on the side and opposite hand which DC power supply 14 are 
connected to the target 13, and face the substrate 1 1 of a target 13. Sputtered particles 16 emit from a 
target by an electrical potential difference being applied to a target 13. the usual spatter — a conductor — 
when forming the film, incidence of the sputtered particles 16 emitted from the target 13 is carried out to 
a substrate 1 1 from various directions by multiple scattering. That is, it is said in this case that sputtered 
particles are isotropy. 

[0004] the interior of the hole of a semi-conductor substrate with hole structure — a conductor - when 
forming the film, the spatter is used similarly. The sectional view of the semi-conductor substrate at the 
time of carrying out a spatter is shown in the semi-conductor substrate which has hole structure with the 
sputtering system of drawing 3 (a) at drawing 3 (b). The laminating of the insulator layer 18 is carried 
out to the upper layer of a substrate 17, and the hole 19 is formed almost at right angles to extent which 
touches a substrate. The amount of a hole wall of the sputtered particles reached and deposited on the 
hole lower part at the usual spatter since the hole depth has become [ the diameter of a hole ] small 
deeply almost vertically as compared with it to the semi-conductor substrate in order that the anisotropy 
of a particle may not have sputtered particles by multiple scattering decreases as mentioned above in 
recent years, a lot of sputtered particles in the upper part of hole 19 wall which carried out oblique 
incidence tend to adhere, and the rate of sedimentation of a particle has the alike and quick upper part 
compared with the lower part, therefore, the hole upper part — intensive — depositing — a conductor — 
the film pushes out in the hole 19 upper part, and serves as overhanging configuration T3. Since the part 
which furthermore serves as shade of overhanging T3 is made, the amount of the sputtered particles 
which reach the hole 19 lower part becomes less, and the shadow effectiveness that the thickness of the 
hole 19 lower part therefore becomes extremely thin compared with the thickness of the hole 19 upper 
part happens. 

[0005] thus, the hole wall front face where an aspect ratio in recent years is high in the usual spatter — a 
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conductor ~ it is becoming difficult to form the film on the average, the hole lower part — a conductor 
if the film is not secured enough, in a contact hole or a through hole, good electrical installation will 
become impossible, and it will become the cause of lowering of the manufacture yield of a 
semiconductor integrated circuit, or dependability. 

[0006] The sputtered particles which carry out oblique incidence to a hole as a measure for the problem 
in this conventional spatter are reduced, the rate of the particle which carries out vertical incidence is 
made high, and the various proposal of the technique which forms thickness required to secure good 
conductivity to the hole lower part is made. Drawing 4 (a) is a sectional view for explaining the metal 
layer deposition approach indicated by JP,6-140359,A, and is called the collimation spatter method. The 
configuration of equipment is the same as that of the usual sputtering system shown in drawing 3 (a) 
almost, and a substrate 31 is held at the substrate electrode holder 32, and it is arranged at a target- 33 
and parallel. The magnet 35 is arranged on the side and opposite hand which DC power supply 34 are 
connected to the target 33, and face the substrate 3 1 of a target 33. Sputtered particles 36 emit from a 
target by an electrical potential difference being applied to a target 33. The shield of the shape of a child 
of the reed screen furthermore called the collimator 37 with the through hole of the aspect ratio near a 
hole aspect ratio by this approach is arranged to parallel between a target 33 and a substrate 3 1 . A 
collimator 37 carries out selection passage only of what carries out vertical incidence mostly to a 
substrate 31 among the sputtered particles 36 emitted from the target. The hole lower part can be 
reached and can be made to deposit sputtered particles 38 good by choosing the sputtered particles 38 
which carry out vertical incidence mostly, the conductor which can choose more severely only the 
sputtered particles which carry out vertical incidence, and is formed by changing the aspect ratio of this 
collimator highly — a membranous bottom product hippo register improves more. 
[0007] Drawing 5 (a) is a sectional view for explaining the thin-film-fabrication approach indicated by 
JP,7-292474,A, and is c alled the lon g slow spatter meth od. The configuration of this equipment is the 
same as that of the usual sputtering system shown m drawing 3 (a) almost, and a substrate 5 1 is held at 
the substrate electrode holder 52, and is arranged at a target 53 and parallel. The magnet 55 is arranged 
on the side and opposite hand which DC - power sup ply 54 are connected to the target 53, and face the 
substrate 51 of a target 53. Sputtered particles 56 emit from a target by an electrical potential difference 
being applied to a target 53. Usually, although a spatter is performed by the pressure of 2.0 - lO.OmTorr 
extent, this approach performs a spatter under [ o f 1 .0 or less mTorrs 1 low voltage, and performs 
distance of a target 53 and a substrate 51 as abo ut about 4 times of the usual spatter fa rther. 
[0008] After it is scattered about in the various directions and a certain particle causes other particles 
and a collision, the sputtered particles emitted from the target in the spatter progress distance, and 
collide with particle another next. Although the distance which moved between them is called mean free 
path, since this approach is low voltage, its rate of sputtered particles is small, and, therefore, a mean 
free path becomes long. Therefore, the sputtered particles 51 emitted from the target 53 go straight on, 
without carrying out multiple scattering. Since the distance between a target 53 and a substrate 51 is still 
longer, the sputtered particles aslant emitted from the target 51 adhere to the equipment side attachment 
wall 57. Therefore, most serves as only a vertical-incidence particle and, as for the sputtered particles 
which carry out incidence to a substrate, sputtered particles reach even the hole lower part good with 
hole structure especially the result. 

[0009] since the anisotropy sputtered particles which carry out vertical incidence of the collimation 
spatter method and the long slow spatter method to a substrate are deposited selectively — the conductor 
in the hole of a high aspect ratio — film formation — setting — the conductor of sufficient thickness for 
the hole lower part ~ the film is securable. 
[0010] 

[Problem(s) to be Solved by the Invention] However, there are the following troubles in the above- 
mentioned spatter. Although excelled compared with a spatter usual [ method / the collimation spatter 
method and / long slow spatter ] in the covering capacity (bottom product hippo register) of the lower 
part in a hole, since there are many vertical-incidence components of sputtered particles, the sputtered 
particles adhering to a hole wall decrease, and the predominance of the covering capacity (side cover 
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register) of a hole wall is lost. 

[001 1] moreover, these [ which have an anisotropy in sputtered particles as other troubles ] two spatters 
- the conductor in a hole only when it applies to thin film formation, there is the extreme thin film 
section which appears in the hole upper part. The sectional view of each semi-conductor substrate 
produced by the collimation spatter method and the long slow spatter method, respectively is shown in 
drawing 4 (b) and drawing 5 (b). The part applicable to T four in drawing is the thin film section. 
[0012] drawing 6 -- said anisotropy spatter » a conductor ~ when forming the film in the interior of the 
hole of a semi-conductor substrate with hole structure, it is drawing explaining the process in which this 
thin film section T four is formed. The mechanism in which the thin film section is formed is as follows. 
First, as shown in drawing 6 (a), to hole 73 paries medialis orbitae, incidence of the sputtered particles 
74 which carry out vertical incidence mostly to the hole 73 established in the substrate 71, the insulator 
layer 72, and the insulator layer 72 will be carried out at a very shallow include angle, therefore - 
almost -- the direction of incidence - meeting - deposition starting - a conductor - the film 75 is 
formed. 

[0013] If a spatter progresses, like drawing 6 (b), in hole 73 paries medialis orbitae, it is begun to 
deposit sputtered particles in the shape of a thorn, and they will turn the head to hole 73 opening. It is 
easy to carry out ** arrival of the sputtered particles 74 to the hole 73 upper part, and a membrane 
formation rate is high as compared with the hole 73 lower part. Since sputtered particles 74 have mostly 
the anisotropy which carries out incidence perpendicularly to the hole 73, it is hard coming to make 
them into the part which becomes the shade of a thorn-like deposit ** arrival seen from the direction of 
incidence. A thorn-like deposit grows further, maintaining a configuration as it is. In the usual spatter, 
since the direction of incidence of sputtered particles is disorderly, such growth is not observed. As for 
growth of the shape of a thorn peculiar to this anisotropy spatter, the same result is obtained also by the 
computer simulation of the spatter membrane formation process of a pure iron thin film ("IONICS", the 
21 -volume separate volume 1, 1995.2). 

[0014] If a spatter progresses further, in the hole upper part, still a lot of sputtered particles 74 than the 
upper part come flying, and unlike the hole paries medialis orbitae, when extreme, it will become a 
configuration like drawing 6 (c), and thin film section T four will be made. The inclination of thin film 
section T four becomes remarkable, so that the diameter of a hole becomes detailed and an aspect ratio 
becomes high. Thus, if only the side cover register in the hole upper part is compared, it can be said that 
the usual spatter is superior to an anisotropy spatter rather. 

[0015] When the barrier film is formed in a contact hole by these two approaches and thin film section T 
four is formed, the following inconvenience arises. For example, if it forms in a hole by the collimation 
spatter method by using as the barrier film TiN widely used as a barrier metal with the semiconductor 
device and thin film section T four arises, barrier property with this sufficient part is not securable. 
Moreover, when it is filled up with a tungsten plug in a hole with a CVD method, there is a possibility 
that the reactant gas for CVD may permeate from this thin film section, and the formed TiN film may 
exfoliate. These cause lowering of the manufacture yield of a semiconductor device, or dependability. 
[0016] As still more nearly another trouble, most of the sputtered particles emitted from the target 
adheres to a collimator in the collimation spatter method, and a membrane formation rate is reduced. 
Adhering sputtered particles form a thin film on a collimator. The thin film exfoliates, and it becomes 
dust and particle, and falls on a semi-conductor substrate front face, and inconvenience, such as 
manufacture yield lowering of a semiconductor device and a cause of failure, is produced. This 
phenomenon is remarkable when an aspect ratio is high. Moreover, the sputtered particles adhering to 
this collimator have a possibility of resulting by the time it changes the aspect ratio of a collimator or 
plugs up a through hole. Although what is necessary is just to exchange collimators each time when 
adhesion progresses, since many of semiconductor devices are manufactured within a vacuum chamber, 
it needs a great effort for exchange and cannot be said to be the realistic solution approach. 
[0017] the interior, such as a contact hole in which the technical problem which this invention tends to 
solve has the hole structure of a semiconductor device, — a spatter - a conductor — it is in offering the 
spatter which overhanging does not arise but can obtain a good bottom product hippo register in the 
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approach of forming the film. 
[0018] 

[Means for Solving the Problem] In order to solve said technical problem, a spatter according to claim 1 
is characterized by consisting of the first process which performs a spatter with the low voltage of less 
than 1 .0 mTorrs, and the second process which performs a spatter with the high voltage of 1 .0 or more 
mTorrs. 

[0019] A spatter according to claim 2 is characterized by forming the thin film of the same class 

according to said the first process and second process in a spatter according to claim 1 . 

[0020] It is characterized by performing a spatter according to claim 3 in a spatter according to claim 1 

by the anisotropy spatter oriented so that the sputtered particles to which said first process was emitted 

from the target at least may carry out incidence from a perpendicular direction to a semi-conductor 

substrate. 

[0021] A spatter according to claim 4 is characterized by an anisotropy spatter being the collimation 
spatter method in a spatter according to claim 3. 

[0022] A spatter according to claim 5 is characterized by setting distance of the target in said first 
process, and a semi-conductor substrate to 100mm or more at least in a spatter according to claim 1 . 
[0023] 

[Embodiment of the Invention] The gestalt of 1 implementation of the spatter by this invention is 
explained, the interior of the hole structure of a semiconductor device — a spatter — a conductor — when 
forming a thin film, in order to secure a required bottom product hippo register, it is necessary to make 
sputtered particles reach even the hole lower part enough Moreover, in order to combine with this and to 
prevent overhanging formation of the hole upper part, it is necessary to use the spatter in which 
sputtered particles without multiple scattering carry out incidence almost vertically to a substrate. On the 
other hand, in order to prevent thin film-ization near [ where an anisotropy spatter becomes a cause and 
happens ] hole opening, it is necessary to use the usual spatter from which multiple scattering arises. 
[0024] in order to solve these phase conflicting requirement in this invention — a conductor ~ the 
conductor which the pressure of the mixed-gas ambient atmosphere in the middle of a thin film 
formation phase was changed, and the trouble which each causes was canceled, could secure 
conductivity also in the interior of the high hole which is an aspect ratio by passing through two phases, 
and was excellent in the dependability as a semiconductor device ~ film formation can be performed. 
[0025] First, in the first process, especially sputtered particles are made to reach the hole lower part, and 
sufficient thickness is formed. For that purpose, rather than the usual spatter, a spatter is performed 
under low voltage, multiple scattering of sputtered particles is lessened, and rectilinear-propagation 
nature is raised. In this case, as for the spatter to be used, it is effective to carry out by the collimation 
spatter method for carrying out selection passage only of the sputtered particles which go straight on 
with the collimator which installed in the medium of the long slow spatter method which made longer 
than usual distance between a target and a substrate which is the spatter which raised the anisotropy 
although it is possible or a target, and a substrate also by the usual spatter. 
[0026] Next, in the second process, the sputtered particles which carry out oblique incidence to a 
substrate by making conditions into high voltage and causing multiple scattering of sputtered particles 
are increased. Although the thing of the phase in early stages of the thin film section is formed near hole 
opening at the first process since it is an anisotropy spatter under low voltage conditions, formation of 
the thin film section is prevented by making sputtered particles deposit on the front face, and thick-film- 
izing. 

[0027] The thin film formed according to the first process and second process carries out the laminating 
of the thin film which consists of the same ingredient. Thus, if the spatter of this invention is applied to a 
semiconductor device, also in the interior of the high hole of an aspect ratio, the thin film of sufficient 
thickness to secure conductivity can be formed in the pars basilaris ossis occipitalis in a hole, and the 
hole paries medialis orbitae. That is, the good thin film of a bottom product hippo register or a side 
cover register can be formed. 
[0028] 
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[Example] 

Example Formation drawing 1 and drawing 2 of barrier metal in a contact hole are the sectional view of 
the semiconductor device for explaining the example 1 of this invention, and each (a) - (c) is the state 
diagram of each process. As first shown in drawing 1 (a), an impurity diffused layer 2 and the insulator 
layer 3 which consists of Si02 are formed on the front face of the semi-conductor substrate 1. Next, as 
shown in drawing 1 (b), a contact hole 4 (an aspect ratio 3, a bore [ of 0.4 micrometers ] x depth of 1 .2 
micrometers) is formed by Fukashi who exposes an impurity diffused layer 2 by the photoresist method 
and anisotropic etching. Then, various drug solutions and a reverse spatter wash the front face of an 
impurity diffused layer 2. 

[0029] Next, as shown in drawing 1 (c), the Ti film 5 is formed in the front face of an insulator layer 3 
and the contact hole 4 interior by the spatter. This Ti returns oxides, such as an insulating material on an 
impurity diffused layer (Si02), by heat treatment after formation, and has the work which lowers the 
contact resistance of metal wiring and an impurity diffused layer by making TiSi two-layer. The 
thickness inside the hole of Ti film changes with aspect ratios of the hippo register capacity of a spatter, 
or a contact hole to be used. For example, by the long slow spatter method of this example, only the 
sputtered particles which carry out vertical incidence mostly arrive at the interior of a hole, and the 
thickness of the hole lower part becomes thick, so that the distance of a substrate and a target is long. 
However, since a membrane formation rate will fall if distance is extremely long, about 200-3 00mm is 
suitable. Hippo register capacity becomes high, so that the aspect ratio of a collimator is high in the case 
of the collimation spatter method. Therefore, since 2:1 collimators have high hippo register capacity 
compared with the collimator of the aspect ratio of 1 :1 when growing up the same Ti thickness as the 
pars basilaris ossis occipitalis of a contact hole, the difference of the thickness of a hole pars basilaris 
ossis occipitalis and the thickness on a substrate becomes small. That is, when growing up the same Ti 
thickness as a hole pars basilaris ossis occipitalis, the thickness formed on a substrate is thin and ends. 
The collimation spatter method a collimator hole is the aspect ratio of 1 : 1 if it is an about three aspect 
ratio [ of this example ] contact hole is used, and Ti thickness is 1000 to the substrate upper part. By 
carrying out extent deposition, good electrical installation can secure sufficient thickness to be obtained 
to a contact hole pars basilaris ossis occipitalis. Generally the thickness from which good electrical 
installation is obtained is 150. It is above. 

[0030] Next, as shown in drawing 2 (a), T iN film 6a used as barrier metal is formed. The aluminum 
which is a wiring material, and a tungsten are Si in an impurity diffused layer 2, and the barrier metal to 
which it is made not to react, and TiN serves as an adhesion layer of a tungsten. It shifts to the formation 
process of TiN film 6a, carrying out vacuum maintenance without the Ti film 5 carrying out after 
[ formation ] atmospheric-air exposure. Th eiong slow spatter method is used on the Ti film 5. and the 
mixed^gasj pressure of N2 and Ar forms TiN film 6a 8Q0 times gnj^jl 1 * 111 *?^^ nnderlTRrtnw 
v oltage of OJmTorrfsY in this case, the thickness of the hole pars basilaris ossis occipitalis formed of 
the long slow spatter ~ about 150 it was . 

[003 1] Formation of the thin film section TI of TiN film 6a of the hole upper part which is the 
phenomenon of an anisotropy spatter proper takes place at a before process. Then, the mixed gas 
pressure of N2 and Ar is changed into 6.0mTorr(s) next just behind TiN film 6a formation and in the 
same spatter chamber. The frequency where multiple scattering of sputtered particles happens by 
making gas pressure into high voltage becomes high, and the sputtered particles which carry out 
incidence to a substrate aslant become dominant. This corresponds, when the usual spatter is being 
performed, and it can cover the thin film section TI of TiN film 6a of the hole upper part by 
overhanging formed in that case. As shown in drawing 2 (b), it continues on TiN film 6a by the long 
slow spatter method, and it is TiN film 6b 400 When membranes are formed, an over hang T2 is a wrap 
about the thin film section TI . In addition, it turns out that the thickness of the contact hole pars basilaris 
ossis occipitalis of the spatter under this high voltage hardly changes, and sputtered particles have hardly 
reached a pars basilaris ossis occipitalis. 

[0032] After forming the TiN film 6a and 6b which is barrier metal over two processes, as shown in 
drawing 2 (c), the tungsten plug 7 is formed by the CVD method and anisotropic etching. Subsequently, . 
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the aluminum wiring 8 is formed on TiN film 6b and the tungsten plug 7, and electrical installation with 
an impurity diffused layer 3 is completed. 

[0033] As a spatter, although the long slow spatter method was used, the collimation spatter method 
which are other anisotropy spatters may be used. However, in case it shifts to a high voltage spatter in 
that case, the collimator is removed in order to make the sputtered particles scattered multiply arrive at a 
substrate front face. Or even if it uses the usual spatter, multiple scattering can decrease at the time of a 
low voltage spatter, also when a hole aspect ratio is high, sputtered particles can be made to be able to 
reach the hole lower part, and sufficient thickness can be secured. After formation of TiN film 6a by the 
low voltage spatter, in case it moves to the TiN film 6b formation under high voltage, it carries out 
continuously with vacuum maintenance, without carrying out atmospheric-air exposure, but even if it 
performs the bottom spatter of high voltage once carrying out atmospheric-air exposure, the same 
effectiveness is acquired in respect of barrier property. Moreover, at the time of the bottom spatter of 
high voltage, although sputtered particles hardly reach the contact hole lower part, since thickness 
sufficient at the time of formation of TiN film 6a by the low voltage spatter is secured, it is satisfactory 
in respect of electrical installation or dependability. Although the example about TiN film formation of 
barrier metal was given in this example, it is applicable as an approach which does not form thin film 
section T four in W, WSi, WN, TiW, TaN, TiON, etc. 
[0034] 

[Effect of the Invention] Since this invention is constituted as explained above, outstanding 
effectiveness which is indicated below is done so. the interior of the part which has the hole structure of 
a semi-conductor substrate at the time of manufacture of a semiconductor device — a conductor - when 
forming the film, after performing a spatter under the low voltage of 1 .0 or less mTorrs, thin film 
formation with a sufficient step hippo register can be performed by performing a spatter under the high 
voltage of 1 .0 or more mTorrs after atmospheric-air exposure continuing. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

i 

CLAIMS 



[Claim(s)] 

[Claim 1] The spatter characterized by consisting of the first process which performs a spatter with the 
low voltage of less than 1.0 mTorrs, and the second process which performs a spatter with the high 
voltage of 1 .0 or more mTorrs. 

[Claim 2] The spatter according to claim 1 which forms the thin film of the same class according to said 
the first process and second process. 

[Claim 3] The spatter according to claim 1 performed by the anisotropy spatter oriented so that the 
sputtered particles to which said first process was emitted from the target may carry out incidence from 
a perpendicular direction to a semi-conductor substrate at least. 

[Claim 4] The spatter according to claim 3 whose anisotropy spatter is the collimation spatter method. 
[Claim 5] The spatter according to claim 1 by which distance of the target in said first process and a 
semi-conductor substrate is set at least to 100mm or more. 



[Translation done.] 
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